Progress in the chemistry of 3-amino-9-ethylcarbazole Abstract: Generally, 3-amino-9-ethylcarbazole is considered a versatile compound not only for its unique electronic properties but also for its significance as a building block in synthetic, pharmaceutical, and material chemistry. The synthesis, chemical reactivity, and applications of 3-amino-9-ethylcarbazole are described in this review. The presence of the amino group at position 3 exhibits a unique reactivity with both C-2 and C-4. The reactions of 3-amino-9-ethylcarbazole are divided into three categories, reactions that involve the amino group and cyclization reactions that involve the amino group and C-2 and/or C-4. In this review, relevant and appropriate applications of the synthesized, isolated, and condensed carbazole derivatives are reported.
Introduction
Carbazole is considered a heterocyclic aromatic compound containing a tricyclic structure with two benzene rings fused on either side of the pyrrole ring. Carbazole is also considered a conjugated unit that possesses promising electronic and optical properties such as photoconductivity and photorefractivity. 1, 2 Previous studies revealed that subsidiaries of carbazole have been additionally blended and applied in electronic devices such as organic light-emitting diodes (OLEDs).
Although carbazole derivatives exhibit various applications in the field of material science, many carbazoles also possess diverse pharmacological properties 3 such as antibacterial, 4 antifungal, 5 antituberculosis, 6, 7 antiproliferative, 8 antiviral, 9 antitumor, 10 antiinflammatory, 11 antioxidant, 12 and antihistaminic 13 activities.
Among the substituted carbazoles, 3-aminocarbazole plays a significant role in the field of medicinal chemistry, where it is applied as a versatile precursor for the synthesis of several bioactive annulated carbazole derivatives.
14 3-Aminocarbazoles are also considered useful substrates in the synthesis of various dyes and pigments, stabilizers for polymers, pesticides, photographic materials, and diagnostic reagents in cytochemical studies. For instance, 3-amino-9-ethylcarbazole has been widely used as a peroxidase and considered suitable for the colorimetric detection of antibodies in the diagnosis of certain diseases. 
Methods of preparation of 3-aminocarbazoles
There are many synthetic approaches to obtain 3-aminocarbazole derivatives. Sadiq et al. reported the easiest method for the preparation of 3-aminocarbazole. 16 Thus, the nitration of carbazole 1 with a mixture of nitric acid and acetic acid at room temperature produced the regioselective 3-nitrocarbazole 2 with a yield of 93%. The reduction of the latter product with tin in the presence of concentrated hydrochloric acid followed by neutralization with sodium hydroxide produced 3-aminocarbazole 3 with a high chemical yield of 95% (Scheme 1).
Scheme 1.
Fidesser et al. 17 reported a convenient method for synthesis of 3-aminocarbazole derivatives as a fourstep process commencing with the regioselective base-catalyzed hydrolysis of dimethyl 1-methyl-9H -carbazole-2,3-dicarboxylate (4) to produce 2-(methoxycarbonyl)-1-methyl-9H -carbazole-3-carboxylic acid (5) . Heating the latter carboxylic acid 5 with diphenylphosphorylazide (6) in dimethylformamide containing a catalytic amount of triethylamine afforded carbazolylazide 7, which upon refluxing in toluene produced the nonisolable carbazolyl isocyanate 8, which undergoes acid-catalyzed hydrolysis to afford methyl 3-amino-1-methylcarbazole-3-carboxylate (9) (Scheme 2).
Scheme 2.
A three-step reaction was used to synthesize 3-amino-9-ethylcarbazole. The first one is the alkylation of carbazole 1 with ethyl bromide in acetone at room temperature containing an equimolar amount of potassium hydroxide to produce 9-ethylcarbazole (10) . Then the nitration of 10 with nitric acid in 1,2-dichloroethane at 0°C gave 3-nitro-9-ethylcarbazole (11) . Finally, the reduction of the latter product 11 with tin in the presence of hydrochloric acid yielded 3-amino-9-ethylcarbazole (12) (Scheme 3).
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Scheme 3.
Chemical reactivity
3-Amino-9-ethylcarbazole contains three nucleophilic sites and can be added to different types of electrophilic reagents. It has been shown that typical nucleophilic centers are the amino group at C-3 and the carbons of C-2 and C-4 (Chart). The nucleophilic behaviors of C-2 and C-4 were attributed to the mesomeric effect of the amino group that acted as enamine with a reactivity order of C-4 > C-2. These nucleophilic sites have been effectively employed to construct diverse types of fused heterocyclic systems with a carbazole nucleus such as pyrrole, thiazole, indolone, isoindole, pyridine, pyrimidine, chromene, quinazoline, phenanthroline, naphthyridine, and diindolophenazine.
Chart. Chemical reactivity of compound 12.
Reactions of 3-amino-9-ethylcarbazole

Reactions involving the amino group
Addition reactions with isocyanate and thioamides
Wang et al. 21 recently reported the synthesis of 2-(3-(9-ethyl-9H -carbazol-3-yl))ureido)ethyl methacrylate (14) , a purple fluorescent monomer, via the nucleophilic addition reaction of 3-amino-9-ethylcarbazole (12) with 2-isocyanatoethyl methacrylate (13) in methylene chloride at room temperature (Scheme 4). The obtained monomer 14 exhibits a broad range of material applications such as functional coatings, optical devices, chemosensors, organic LEDs, and laser active media.
The nucleophilic addition reaction of 3-amino-9-ethylcarbazole (12) with 1,10-thiocarbonyldiimidazole (TCDI) 15 in CH 2 Cl 2 at room temperature in the presence of excess 25% ammonia solution yielded (9-ethyl-9 H -carbazol-3-yl)-thiourea (16) . Compound 16 showed anti-HCV activity and cytotoxicity (Scheme 5). 
Substitution reaction with aryl sulfamate
The cross-coupling reaction of 9-ethyl-3-aminocarbazole (12) 
Acylation reactions
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A series of N -(9-ethyl-9H -carbazol-3-yl)-2-(phenoxy)acetamide derivatives 26 using two-step reactions was synthesized by a research group from Turkey. 25 First, 9-ethyl-3-aminocarbazole (12) was treated with chloroacetylchloride 23 in THF containing a catalytic amount of triethylamine to produce 2-chloro-N -(9-ethyl-9 H -carbazol-3-yl)acetamide (24) with good yield. The nucleophilic substitution reaction of 24 with a set of substituted phenols 25 in boiling ethanol containing anhydrous potassium carbonate afforded the target compounds 26 with moderate yields (70%-78%). Similarly, the treatment of 24 with 8-hydroxyquinoline (27) under the same experimental conditions produced N -(9-ethyl-9H -carbazol-3-yl)-2-quinolin-8-yloxy)acetamide (28) (Scheme 8). The obtained compounds were evaluated for their in vitro antimicrobial and cytotoxic activities. Among the tested compounds, compound 28 showed notably antimicrobial activity and the lowest cytotoxic activity against mouse embryonic fibroblast (NIH/3T3) cells.
Scheme 8.
The synthesis of tert-butyl (9-ethyl-9H -carbazol-3-yl)carbamate (30) via the heating of compound 12
with di-tert-butyl dicarbonate 29 in methanol in the presence of a catalytic amount of triethylamine has been reported by Kant et al. 26 (Scheme 9).
Arylation reactions
o-Diamino-substituted pyridine derivatives 33 were synthesized in two sequential steps via the base-catalyzed nucleophilic aromatic substitution reaction of 2-chloro-3-nitropyridine (31) with 3-amino-9-ethylcarbazole (12) to produce 32 followed by reduction and in situ acylation with acid chlorides to yield 2,3-diamino-substituted pyridines 33 (Scheme 10).
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Scheme 9.
Scheme 10. The nucleophilic displacement reaction of 4-chloro-2-phenylquinazoline (39) with compound 12 in boiling dimethylformamide was used to obtain 9-ethyl-N -(2-phenylquinazolin-4-yl)-9 H -carbazol-3-amine (40) (Scheme 13).
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Scheme 13.
Substitution reactions with enamine
2-Cyano-3-(9-ethyl-9H -carbazol-3-yl)propenethioamide (42) 
Condensation reactions with aldehydes and ketones
The condensation reaction of acetylacetone 45 with 3-amino-9-ethylcarbazole (12) in boiling ethanol containing catalytic amounts of indium chloride was used to synthesize ( Z) -4-((9-ethyl-9H -carbazol-3-yl)amino)pent-3-en-2-one (46) with good yield (Scheme 15). Compound 46 was applied as an antagonist for lung cancer. Rasheed et al. 35 have described the synthesis of new α -aminophosphonates 57 by the condensation reaction of compound 12 with substituted aromatic aldehydes 53 in refluxing ethanol to yield Schiff base 54, which underwent the nucleophilic addition reaction with dialkyl phosphates 55 in the presence of 1,4-dimethylpiperazine (56) as a basic catalyst (Scheme 18). It has been reported that the obtained compounds were evaluated as antimicrobial and antioxidant agents. In addition, the results showed that some of the tested compounds possessed good dual antimicrobial and antioxidant activities. The condensation of compound 12 with substituted benzaldehyde 58 in ethanol containing a catalytic amount of sodium bicarbonate at room temperature was employed to obtain 9-ethyl-N -(substitutedbenzylidene)-9 H -carbazol-3-amines 59 (Scheme 19).
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Scheme 19.
2-(9-Ethylcarbazol-3-yliminomethyl)-5-methylphenol (61) The preparation of a new three-binding site "ON-OFF-ON" fluorescent probe, triformylphloroglucinol 3-amino-9-ethylcarbazole hydrazone 63, has been reported by Xu et al. 39 In order to detect copper ion and its application for cell imaging, this probe can serve as a fluorescent chemosensor. The condensation of compound 12 with triformylphloroglucinol 62 in refluxing ethanol containing a catalytic amount of acetic acid was used to synthesize this probe (Scheme 21). 
Diazocoupling reaction
Abdullah et al. 40 reported that the diazotization of 12 with nitrous acid afforded the nonisolable diazonium chloride 64, which underwent in situ coupling with 3-chloro-2,4-pentanedione (65) Pentafluoroethyl thioether derivatives 76 were produced by the Sandmeyer reaction of carbazole 3-diazonium salts 71 with Me 4 N S C 2 F 5 75 containing a catalytic amount of elemental copper at room temperature (Scheme 24). 
Cyclization reactions involving the amino group
Formation of pyrrole
The treatment of compound 12 with 3,4-bis(2,4,5-trimethylthiophen-3-yl)furan-2,5-dione (80) in toluene under reflux containing a catalytic amount of triethylamine to afford 1-(9-ethyl-9H -carbazol-3-yl)-3,4-bis(2,4,5-trimethyl-thiophen-3-yl)-1H -pyrrole-2,5-dione (81) is reported (Scheme 26). 
Formation of isoindole
The reaction of compound 12 with exo-norbornene-5,6-dicarboxylic anhydride (82) in toluene produced norborneneamic acid 83, which led to the formation of 2-(9-ethyl-9H -carbazol-3-yl)-3 a,4,7,7 a-tetrahydro-1H -4,7-methanoisoindole-1,3-(2 H) -dione (84) with good yield (82%) upon heating with acetic anhydride containing anhydrous sodium acetate (Scheme 27). 
Formation of indeno[1,2-b]indolone
To produce 5-(9-ethyl-9H -carbazol-3-yl)-4b,9b-dihydroxy-4b,5,9a,9b-tetrahydro-indeno[1,2-b]indole-9,10-dione (87) derivative with good yield (82%), SnO 2 quantum dots (QDs), nanomaterials with a grain size less than 5 nm, catalyzed the one-pot three-component reaction of compound 12, cyclohexane-1,3-dione (85), and 1 Hindene-1,2,3-trione (86) in water at 70°C as reported by Pradhan et al. 46 (Scheme 28).
Scheme 28.
Formation of thiazolidin-4-ones
The one-pot three-component reaction of compound 12, aromatic aldehydes 88, and 2-mercaptoacetic acid 89 in dry ether containing dicyclohexylcarbodimide (DCC) at room temperature was used to synthesize easily a series of novel 2-aryl-3-N -(9-ethylcarbazol-3-yl)thiazolidin-4-ones 90. To produce Schiff bases, the reaction mechanism was proposed via the initial condensation of 3-aminocarbazole with aromatic aldehydes, which adds in situ to 2-mercaptoacetic acid to yield the target compounds (Scheme 29).
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Scheme 29. 
Formation of pyridines
Formation of quinazolines
6-Bromo-3-(9-ethyl-9H -carbazol-3-yl)-2-methylquinazolin-4(3H)-one (95) was produced by heterocyclization of 3-aminocarbazole 12 with 2-acetamido-5-bromobenzoic acid (94) in boiling toluene containing POCl 3 . 
3-(9-Ethyl-9H -carbazol-3-yl)-5-(( E)-2-(9-ethyl-9H
Formation of benzo[lmn][3,8]phenanthroline
The condensation reaction of two equivalents of 3-aminocarbazole 12 with isochromeno [6,5,4- 
Formation of 2,4,6,8-tetraaza-1,3,5,7-tetracarbazola-cyclooctaphane
The synthesis of novel macrocyclic amine-linked oligocarbazole (OCB) hollow microsphere 100 by one-step 
Formation of azepino[3,2-b]carbazoles
In order to obtain 7-ethyl-3,4-dihydroazepino 
Formation of pyrimido[4,5-c]carbazoles
N -Ethoxycarbonyl-N'-(carbazol-3-yl)guanidine derivative 132 was obtained by the base-catalyzed nucleophilic addition of compound 12 to ethoxycarbonyl-isothiocyanate followed by in situ treatment of the adduct with 
Conclusion
In this study, the advances in the chemistry, chemical reactivity, and applications of 3-amino-9-ethylcarbazole are reviewed. 3-Aminocarbazole can interact as mono-and bifunctional reagents capable of being applied in a wide range of addition, substitution, condensation, and cyclization reactions. Three active sites are used to determine the reactivity of 3-aminocarbazole. One of the sites is related to the amino group and the others two sites are associated with C-2 and C-4. The reactivity of two adjacent carbon atoms is enhanced and the nucleophilic addition at these sites is promoted by the strong electron-donating potential of the amino group. It is also reported that 3-amino-9-ethylcarbazole undergoes cyclization reactions involving either an amino group or an amino group with C-2 and/or C-4, thus forming pyrrole, thiazole, indolone, pyridine, pyrimidine, quina- [5,6-c] carbazoles. In addition, we also discussed the medicinal and material applications of the obtained carbazoles. In conclusion, additional interesting applications of 3-amino-9-ethylcarbazole are also anticipated in future.
